The present study was designed to investigate the antioxidant, antidiarrhoeal and cytotoxic properties of the aerial parts of Trichosanthes dioica. The petroleum ether, ethyl acetate, methanol and water extracts were tested for antioxidant activity using nitric oxide scavenging assay, total antioxidant capacity and total flavonoid content determination; castor oil-induced and magnesium sulphate-induced diarrhoea in mice were used to evaluate antidiarrhoeal activity while Brine shrimp lethality bioassay was employed for cytotoxicity test. The extracts exhibited significant radical scavenging capacity against nitric oxide. The order of radical scavenging was ascorbic acid > water extract > ethyl acetate extract > methanol extract > petroleum ether extract. The assay also revealed significant total antioxidant activity and a good amount of flavonoids in the extracts. Results of antidiarrhoeal tests at the doses of 200 and 400 mg/kg body weight significantly (p<0.05, 0.001) reduced the frequency and severity of diarrhoea in both animal models. Methanol extract showed the highest inhibition of defaecation. The extracts also showed moderate cytotoxicity against Brine shrimp. The results suggest that aerial parts of Trichosanthes dioica possess significant antioxidant, antidiarrhoeal and moderate cytotoxic activities.
INTRODUCTION
Trichosanthes dioica Roxb. (Family: Cucurbitaceae), locally known as 'Patal', is an important summer cucurbit vegetable of Bangladesh. It is climber plant with cordate-oblong leaves, white flowers and oblong green fruits. According to ayurveda the plant is used for bronchitis, biliousness, jaundice, liver affections (enlargement), cough and blood diseases. It is also used as antipyretic, diuretic, cardiotonic and laxative ( Kirtikar and Basu, 1996) . The leaf juice is rubbed over the chest in liver congestion and over the whole body in intermittent fevers (Nadkarni, 1998) . Trichosanthes dioica possesses anti-inflammatory activity (Fulzule et al., 2001) ; blood sugar, serum cholesterol, high density lipoprotein, phospholipids and triglyceride lowering activity (Chandrasekhar et al., 1988; Sharma and Pant, 1988) . The aerial part of the plant is hypoglycaemic (Rai et al., 2008) . The fruits and seeds have some prospects in the control of some cancer like conditions and haemagglutinating activities (Sharmila et al., 2007) .
It also has strong hepatoprotective effect (Ghaisas et al., 2008) . T. dioica plant is very rich in protein. Fruits contain free amino acids and 5-hydroxy tryptamine. Fatty acids from seeds comprise elaeostearic, linoleic, oleic and saturated acids. The various chemical constituents present in T. dioica are vitamin A, vitamin C, tannins, saponin, and trichosanthin (Chopra et al., 1956) . Studies also revealed the presence of phenolic compounds in the leaves of T. dioica (Baitha and Pandey, 2003) . Roots contain an amorphous saponin, hentriacontane, a phytosterol, a non-nitrogenous bitter glucosidic principles, small amount of essential oil, little fixed oil and traces of tannins (Ghani, 2003) .
Literature review revealed no combined studies performed regarding the antioxidant, antidiarrhoeal and cytotoxic activities of this plant. Our current study is therefore designed to investigate the antioxidant, antidiarrhoeal and cytotoxic activities of Trichosanthes dioica. (Ghani, 2003) .
MATERIALS AND METHODS

Chemicals and drugs:
Tests for Antioxidant Activity
Nitric oxide scavenging capacity: The nitric oxide radical scavenging capacity of the crude extracts was determined according to Alisi and Onyeze (2008) . 1.0 ml of sodium nitroprusside (5 mM) was added to the plant extracts of different concentrations (4.0 ml). The solution was incubated for 2 h at 30 o C. 2 ml of the solution was mixed with 1.2 ml of Griess reagent (1% Sulfanilamide, 0.1% naphthylethylene diamine dihydrochloride in 2% H 3 PO 4 ). Then the absorbance of the solution was measured at 550 nm using a spectrophotometer (UV-VIS spectrometer, Shimadzu UV PC-1600, Japan) against blank. The percentage inhibition activity was calculated by the equation {(A 0 -A 1 )/A 0 } X 100, where A 0 is the absorbance of the control, and A 1 is the absorbance of the extract or standard. The inhibition curve was prepared and IC 50 values of different extracts were calculated.
Determination of Total Antioxidant Capacity:
The phosphomolybdenum method is based on the reduction of Mo(VI) to Mo(V) by the antioxidant compounds present in the extracts and subsequent formation of a green phosphate/Mo(V) complex at acid pH (Prieto et al., 1999) . Plant extracts or standard of different concentration solution were mixed with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). Then the mixture was incubated at 95 0 C for 90 min to complete the reaction and the absorbance of the solution was measured at 695 nm against blank after cooling to room temperature. The antioxidant activity is expressed as the number of equivalents of ascorbic acid (AAE).
Determination of flavonoid content:
The total flavonoid content of the crude extracts was determined by the method described by Chang et al. (2002) . 1 ml of extract solution (100 µg/ml) or quercetin (standard) in different concentrations were mixed with 3 ml methanol, 200 µl (10%) aluminium chloride solution and 200 µl (1 M) potassium acetate solution. Then 5.6 ml of distilled water was added to the mixture and incubated for 30 min at room temperature. The absorbance of the solution was measured at 415 nm against blank. The total content of flavonoid compounds in plant extracts were calculated and expressed as mg of quercetin equivalents (QE) / gm of extract.
Tests for antidiarrhoeal activity
Castor oil-induced diarrhoea: Antidiarrhoeal activity of the extracts was tested in castor oil-induced diarrhoea in mice according to the method described by Shoba and Thomas (2001) . The experimental animals were all screened at first with 0.5 ml of castor oil per mice and those animal showing diarrhoea were selected for the experiment. The animals were divided into ten groups each containing five animals. Group I and II were given 1% Tween 80 in water (10 ml/kg, p.o.) and Loperamide (3 mg/kg, p.o.) respectively. The test groups (Group III-X) received the petroleum ether, ethyl acetate, methanol and water extracts at the doses of 200 and 400 mg/kg (p.o.) body weight respectively. The mice were placed into cages and the floor of the cage was lined with blotting paper. Diarrhoea was induced by oral administration of 0.5 ml castor oil to each mouse, 30 min after the above treatments. During an observation period of 4 h, the total numbers of diarrhoeic faeces excreted by the animals were recorded.
Magnesium
sulphate-induced diarrhoea: Diarrhoea was induced in the experimental mice by oral administration of magnesium sulphate at the dose of 2 gm/kg to the animals 30 min after administration of 1% Tween 80 in water (10 ml/kg, p.o.) to the control group, Loperamide (3 mg/kg, p.o.) to the positive control group, the petroleum ether, ethyl acetate, methanol and water extracts at the doses of 200 and 400 mg/kg to the test groups (Doherty, 1981) . The observations were made for 4 h and total numbers of diarrhoeal droppings were recorded.
Cytotoxic activity test:
The cytotoxic activity of the crude extracts was investigated using Brine shrimp lethality bioassay (McLaughlin, 1982) . Artemia salina Leaches (brine shrimp eggs) was collected and taken in a small tank of water at 37 o C with constant oxygen supply to allow hatching of the shrimps for two days and to mature as nauplii. Five ml of seawater was taken in each vial. Specific volume of the test samples were taken and dissolved in specific volume of dimethyl sulfoxide (DMSO) to get stock solutions. Then a series of solutions of varying concentrations were prepared from the stock solution by serial dilution method and was added to the vials. The concentrations of the obtained solutions in the vials were as 1 µg/ml, 5 µg/ml, 10 µg/ml, 20 µg/ml, 50 µg/ml, 100 µg/ml, 200 µg/ml and 500 µg/ml. Ten nauplii were added by micropipette to each of the vials. After 24 h, the vials were inspected using a magnifying glass and the number of survived nauplii in each vial was counted and the percentage of lethality of the brine shrimp nauplii was calculated for each concentration.
Statistical Analysis: Statistical analysis was carried out using one way analysis of variance (ANOVA) followed by Dunnett's tests using SPSS Statistics 17.0 for windows. The results obtained were compared with the control group. p values < 0.05 were considered to be statistically significant .
RESULTS AND DISCUSSION
Phytochemical screening revealed the presence of alkaloids, flavonoids, carbohydrates and tannins in different extracts. The extracts were found to contain good amount of flavonoids. Methanol extract contained 823.88 mg flavonoids /gm of plant extract in quercetin equivalent (QE). Petroleum ether, ethyl acetate and water extract contained 57.55, 288.16 and 315.71 mg flavonoids / gm of plant extract in QE respectively.
The scavenging of nitric oxide radical by the extracts was concentration dependent. The result was comparable to ascorbic acid that was used as reference (Figure 1) . The IC 50 values of ascorbic acid was 4.71 µg/ml while the petroleum ether, methanol, ethyl acetate and water were, 337.58 µg/ml, 43.06 µg/ml, 34.38 µg/ml and 16.39 µg/ml. In total antioxidant capacity test, the extracts showed significant antioxidant activity. The petroleum ether, ethyl acetate, methanol and water extract showed total antioxidant capacity of 515.55, 862.59, 605.92 and128.70 mg/gm of plant extract in AAE respectively.
It has been recognized that flavonoids show antioxidant activity and their effects on human health are considerable (Pourmorad et al., 2007) . The mechanisms of action of flavonoids are through scavenging or chelating process (Cook and Samman, 1996; Kessler et al., 2003) . Flavonoids contain hydroxyls that are responsible for the radical scavenging effect of the extracts (Das and Pereira, 1990) . Nitric oxide or reactive nitrogen species, formed during their reaction with oxygen or with superoxides are responsible for altering the structural and functional behaviour of many cellular components. The extracts may have the property to counteract the effect of NO formation and in turn may be of considerable interest in preventing the ill effects of excessive NO generation in the human body. Further, the scavenging activity may also help to arrest the chain of reactions initiated by excess generation of NO that are detrimental to the human health. Nitric oxide is also implicated for inflammation and other pathological conditions (Moncada et al., 1991) . In castor oil-induced diarrhoea, all the four extracts of T. dioica at doses of 200 mg/kg and 400 mg/kg reduced the total number of faeces in a dose dependent manner (Table 1 ). The inhibition of characteristic diarrhoeal droppings was also recorded at both doses in magnesium sulphate-induced diarrhoea. The extracts were found to reduce the total number of faeces significantly (p < 0.05, 0.001) when compared to control (Table 2) . Methanol extract at 400 mg/kg dose showed the highest inhibition of diarrhoeal droppings in both model. Values are mean ±SEM, (n = 5); * p < 0.05, ** p < 0.001, Dunnett's test as compared to control. Values are mean ±SEM, (n = 5); * p < 0.05, ** p < 0.001, Dunnett's test as compared to control.
Induction of diarrhoea by castor oil and magnesium sulphate in the experimental animal is due to their effect on the secretion/absorption process in the biological system. Ricinoleic acid, the active constituents of castor oil has been reported to reduce active Na + and K + absorption and decrease Na + , K + ATPase activity in the small intestine and colon (Gaginella, 1975) . The antidiarrhoeal activity was evident from the reduction of total number of wet faeces in the test groups in the experiment. Magnesium sulphate has been reported to induce diarrhoea by increasing the volume of intestinal content through prevention of reabsorption of water (Uddin et al., 2005) . It has also been demonstrated that it promotes the liberation of cholecystokinin from the duodenal mucosa, which increases the secretion and motility of small intestine and thereby prevents the reabsorption of sodium chloride and water (Galvez et al., 1993 a, b) . Ethyl acetate, methanol and water extracts of T. dioica showed a significant antidiarrhoeal activity against castor oil-induced and magnesium sulphate-induced diarrhoea in experimental animals. The methanol extract showed almost similar activity as Loperamide, when tested at 200 and 400 mg/kg doses and statistically significant reduction in the frequency of defecation when compared to control mice. The ethyl acetate, methanol and water extracts were also found to alleviate the diarrhoeic condition. It is possible that the antisecretory and antioxidant properties of different phytoconstituents may contribute to the observed antidiarrhoeal effect. The antidiarrhoeal activity of flavonoids has been ascribed to their ability to inhibit intestinal motility and hydro-electrolytic secretion, which are known to be altered in this intestinal condition (Rao et al., 1997) . In addition, flavonoids present antioxidant properties which are presumed to be responsible for the inhibitory effects exerted upon several enzymes including those involved in the arachidonic acid metabolism (Mora et al., 1990; Su et al., 2000) .
In Brine shrimp lethality bioassay, all the extracts produced concentration dependent increment in percent mortality of Brine Shrimp nauplii indicating the possible presence of cytotoxic principles in these extracts. The LC 50 values of petroleum ether, ethyl acetate and methanol extract were 603.04 µg/ml, 434.92 µg/ml and 290 µg/ml respectively. The water extract showed and LC 50 value >1000 µg/ml. The cytotoxic activity of the extracts may be correlated with the presence of trichosanthin in the plant. Trichosanthin is a ribosome inactivating protein which shows antitumor, immunosuppressive and HIV-1 inhibitor activity by cleaving the supercoiled doublestranded DNA (Li et al., 1991; Kong et al., 1998) .
CONCLUSION
The results of the present study suggest that the aerial parts of Trichosanthes dioica possess significant antidiarrhoeal, antioxidant and moderate cytotoxic properties. Further studies are needed to identify, separate and characterize the bioactive chemical constituents and to find out the possible mechanisms of antioxidant, antidiarrhoeal and cytotoxic activities.
